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REMARKS 

After entry of this amendment, claims 15 to 36 will be pending. No claims are 
amended or canceled. Dependent claims 31 to 36 are newly added. The dosages recited in 
new claims 31, 32, 34 and 35 are supported, inter alia, by the text and examples provided at 
page 13, line 25 to page 15, line 11. Support for new claims 33 and 36 may be found 
throughout the specification, for example at page 17, lines 15 to 17. No new matter is added. 

Rejection Under 35 U.S.C. § 112, f 2 

The Office Action alleges that claims 15 to 30 are indefinite, and relies on marketing 
material posted on the Boston Scientific website that is said to teach that "[i]n-stent late loss 
. . . does not provide any useful information as to the efficiency of a stent delivery device" 
(Office Action, at 5, last paragraph). Applicants respectfully traverse this rejection. 

As an initial matter, Applicants note that the cited website posting is essentially an 
advertisement, not a peer-reviewed scientific article, whose purpose is to show alleged 
superiority for Boston Scientific's TAXUS® stent over the CYPHER® stent. Regardless of 
any bias present in the document, however, it is clear that the Office Action misinterprets and 
overstates the relevance of this material. The document does not state that in-stent late loss 
"holds no real value," as asserted in the Office Action (page 6, first paragraph), but that "late 
loss is an interesting measure" (cited document, at page 3). Although the reference posits 
that analysis of in-segment late loss provides more complete information than analysis of in- 
stent late loss, it does not assert that the latter measure is meaningless. 

In fact, the reference merely presents a hypothetical (and since refuted) argument as to 
why in-segment late loss (as measured in terms of risk of either target lesion revascularization 
(TLR) or angiographic binary restenosis (BAR)) might be a better predictor of efficacy than 
in-stent late loss. Publications demonstrating the opposite to be true include Mauri, et al. 1 , 
"Relationship of Late Loss in Lumen Diameter to Coronary Restenosis in Sirolimus-Eluting 
Stents," Circulation 2005; 111; 321-327 (enclosed herewith as Exhibit A) which reports on 
data from the SIRIUS and E-SIRIUS clinical trials (850 and 353 patients, respectively) and 



1 In the interest of full disclosure, Applicants note that two employees of Cordis Corporation, the 

assignee of the instant application, were co-authors on this article. 
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concludes that "in-stent late loss was much better correlated with TLR than was in-segment 
late loss" (see page 325, col. 1). 

A follow-up study, reported in Mauri, et al., "Late Loss in Lumen Diameter and 
Binary Restenosis for Drug-Eluting Stent Comparison," Circulation 2005; 111; 3435-3442 
(enclosed herewith as Exhibit B), further validates the usefulness of in-stent late loss as a 
predictor of efficacy. As stated in this article, "across the published stent trials, a strong 
positive association exists between the mean in-stent late loss estimates and binary 
angiographic restenosis rates" (see, p. 3439, col. 2). The article notes that "even small 
differences in mean in-stent late loss can translate to important differences in binary 
restenosis" and reports that the findings "support the notion that late loss performance can 
reliably predict the restenosis propensity for new drug-eluting stents." (See page 3440, col. 
2., emphasis added.) 

A third article by Mauri, et al., "Robustness of Late Lumen Loss in Discriminating 
Drug-Eluting Stents Across Variable Observational and Randomized Trials," Circulation 
2005; 1 12; 2833-2839 (enclosed herewith as Exhibit C), goes even further. In this study, the 
authors demonstrate that "when comparisons are made across separate prospective studies, 
either randomized or observational, late loss is more reliable than restenosis rates at 
discriminating the effectiveness of different drug-eluting stents. Thus, "[f]or the practicing 
physician, in-stent late loss provides a more reliable measure of anti-restenosis propensity 
than restenosis rates from any given trial source" (see page 2837, col. 1). 

These peer-reviewed articles, published in a widely respected scientific journal, 
clearly refute the Office Action's assertion that in-stent late loss is meaningless. To the 
contrary, the ability of a given stent to provide an in-stent late loss of less than 0.5 mm, and 
more preferably less than 0.3 mm (as recited in several of the dependent claims) is a strong 
indicator of that stent's ability to inhibit neointimal proliferation. 

In any event, the extent to which late loss serves as a predictor of efficacy is of no 
moment in assessing whether the instant claims are definite. The test for compliance with the 
Section 1 12, 2 is whether one skilled in the art would understand the metes and bounds of 
the claim when read in light of the specification. Union Pac. Res. Co. v. Chesapeake Energy 
Corp., 236 F.3d 684, 692 (Fed. Cir. 2001) (citing Orthokinetics, Inc. v. Safety Travel Chairs, 
Inc., 806 F.2d 1565, 1576 (Fed. Cir. 1986)). As the Court of Appeals for the Federal Circuit 
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has stated, a claim is indefinite "if its legal scope is not clear enough that a person of ordinary 
skill in the art could determine whether a particular [product or method] infringes or not." 
Geneva Pharms., Inc. v. GlaxoSmithKline PLC, 349 F. 3d 1373, 1384 (Fed. Cir. 2003). 

The instant claims clearly satisfy this standard. They require, inter alia, that the 
device provide an in- stent late loss in diameter at 12 months following implantation in a 
human of less than about 0.5 mm, as measured by quantitative coronary angiography. 
Methods for performing quantitative coronary angiography are well established and readily 
practiced by those in the art. The point in time at which in-stent late loss is to be determined 
is also specified in the claim, leaving no ambiguity as to how one would determine whether 
or not a particular stent meets the limitations of the claims. Applicants respectfully submit, 
therefore, that the scope of the claims is clearly defined, and that those skilled in the art could 
readily determine whether a particular device or method is infringing or not. 

Accordingly, Applicants respectfully request that the rejection of pending claims 15 to 
30 under 35 U.S.C. 1 12, K 2 be withdrawn. 

Rejection Under 35 U.S.C. §103 

Claims 15 to 30 also stand rejected under 35 U.S.C. § 103 as allegedly obvious over 
U.S. Patent No. 5,288,71 1 ("Mitchell") in view of U.S. Patent No. 6,355,029 ("Kamath, et 
al."). Applicants respectfully traverse this rejection because combination of the references' 
respective teachings (even if motivated) would not have produced any claimed invention. 

The Office Action attempts to skirt the issue of whether or not the cited references 
describes a stent that provides the claimed in-stent late loss by relying on the previously 
stated arguments regarding alleged indefiniteness of this claim element. As Applicants have 
shown, however, in-stent late loss is not indefinite. Since the art relied on to make the 
rejection does not teach or suggest at least this feature, the rejection for alleged obviousness 
is improper and should be withdrawn. 

Rejections Under Doctrine of Obviousness-Type Double Patenting 

The Office Action also includes several rejections under the judicially created 
doctrine of obviousness-type double patenting. However, none of the claims of the pending 
applications and issued patents that are cited in these rejections include a recitation that the 
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claimed devices provide an in-stcnt late loss in diameter at 12 months following implantation 
in a human of less than about 0.5 mm, as measured by quantitative coronary angiography. 
Moreover, the Office Action has not demonstrated that this claim element otherwise would 
have been obvious to those of ordinary skill having knowledge of such claims. Again, basis 
for the rejection appears to be that the Office Action ascribes no patentable weight to this 
claim element because it allegedly is indefinite. Because, as noted above, it is not indefinite, 
Applicants respectfully request that the rejections for alleged obviousness-type double 
patenting be withdrawn. 

CONCLUSION 

The foregoing represents a bona-fide attempt to address all issues raised in the Office 
Action dated November 6, 2006. Applicants respectfully submit that the pending claims are 
in condition for allowance. Accordingly, a Notice of Allowance for all of pending claims 15 
to 30 is respectfully requested. 
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Relationship of Late Loss in Lumen Diameter to Coronary 
Restenosis in Sirolimus-Eluting Stents 

Laura Mauri, MD, MSc; E. John Orav, PhD; A. James O'Malley, PhD; Jeffrey W. Moses, MD; 
Martin B. Leon, MD; David R, Holmes, Jr, MD; Paul S. Teirstein, MD; Joachim Schofer, MD; 
Gunter Breithardt, MD; Donald E. Cutlip, MD; Dean J. Kereiakes, MD; Chunxue Shi, MSc; 
Brian G. Firth, MD, PhD; Dennis J. Donohoe, MD; Richard E. Kuniz, MD, MSc 

Background — Observed rates of restenosis after dru$-ciuttns Mcntiug are low (<10 ( A)- Identification of a reliable and 
powerful angiographic end point will be useful in future trials. 

Method*, and Results > at po !;■:.«■> <!■::. it minaunu: tunnn ■Itani'ivi annus minimum lumen diametei) was 

measured in iSse angiographic cohorts of the SIRIUS (h— 703) and K-S1RH IS OtwsOH) trials, two techniques, the standard 
normal approximation and an optinn.< dp - et mu)sl»mKrtkHi es us d to predict biuan an»iogr.iphk i\ teuosis rates and 
compare then) with obscivod restenosis rates. The mean uvstcnt late loss obsctved in She SIRH'S trial was O.I7±0.45 mm 
isiroiinsus) versus 1 ,00:.: 0,70 mm (control). If a normal distribution was assumed, late loss accurately estimated in-sk-ttt 
binan angiographic restenosis for the control arni (predicted 35.4^ versus observed 3.3.4%) but underestimated it in the 
sirolimus arm (predicted 0.6% versos observed 3.23a !, Power tnuistomuffon improved the reliability ol the estimate in the 
sirolimus ami (predicted K2'« |CI UK* to ■').!'/< j) with similui improvements in the H-NIRIi IS trial (predicted d.iKa 1.2% 
to 7.0%] versus observed 3.9'a ). la fine sm>iii»us-cititin« sk-of arm in-Mcut late loss correlated better 'vith target-lesion 
revusenfari/atiort than in-segtment late loss fe-siattsi ic ;; a'i.0!3 versus 0.663). 

Conclusions — Because distributions oj'laie loss with a |,>w moan are right-skewed, the use of a transformation improves 
the accuracy of predicting low binary restenosis rates. Late loss is monotonically correlated with the probability of 
restenosis and yields a more efficient estimate of the restenosis process in the era of lower binary restenosis rates. 
(Circulation. 2005;111:321-327.) 
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margins of stents, despite ,i therapeutic effect within the stent 
observed in early brachytherapy trials ,s and some pilot DES 



ip hk 



in the present examination i i e a it to 

de ermine wht u i t i i cut 
more reliable. We ii-nmi that im she cemroi .im. m m-i 
in-segment anab ^ r, e^e i , ,m ' i op - i 
c- statistics for 
eluting stent ar 
with TLR than u nen i 

Mi i vi n i - I v K I i i k i ^ 

ing would represent the magnitude of maximum change in 
lumen diameter from the time of stealing to the follow up 
angiogram across the treatment site and margins. Such a 
measurement would icqnire a comparison across the 2 time 
points slice by slice along the length of the vessel, within 
matched, fine («1 mm) increments. Practically, however, 
standard techniques of measuring late loss have compared 
MLDs from a specified /one. The in-stent late-loss calcula- 
te c i CS \h ,) 1) Ml e e e. / . 

its-segment late-loss calculation compares the minimum of 

ME D) ifta st-, l ionei "hi 

maximum ate , hun t lese n it- 1 t ^ sc_ i 
ealeufuio!: !,., i ue possibility of comparing different regions 
rather than representing the maximum late loss from among 
the zones evaluated. Because the greatest acute gain and late 



loss are usually within the stented zone, the in-segment 
postprocedural MLD will tend to be measured outside of tire 
stented zone and the follow-up MLD within die stented zone, 
such that in-segment a, w i ct s ; unde estimate 
the maximum late 1( l i l - IK ibsence of an 

si Tht,d.t.u • i tic u st it c unparec wth 
i . i e k illm nd tu l u tent 

file loss with the probabdi;} pi it R when sirolimus-eluting 

Other (/•mUmmus Abs->hste umi Relative 

i be considered as 
alternatives: an absolute measure of restenosis, late MLD, and a 
relative measure of restenosis, U percent diameter stenosis, 
"these continuous measures are correlated with restenosis. The 
unique advantage of late loss is the ability to distinguish the 
magnitude of laic inlimal renarrc. v, :ug Emm baseline and proce- 
1 variables such as ieicreeee vessel diameter and residua! 

siCUOs s \\ liOiVas pi it I i , ' , I i xl i 

the i i v u v i I i 1 1 a g-M i 

j t ^ it ! .V !•'-- i .. t i K i\ i'jp-ip 1 ■ a I i i i nent 

of the restenosis process for a given DES. 



Clinical Implications for In-Stent Late Lc 

Cl 1 1 v 1 s v , I 1 1 I: 



: tot- 



data 



traditional extrapolation will .itmim-h the aetuai diiferences 

toss This underestiniation error is tnosi pronounced at low 
restenosis rates where current DES clinical trials range. This 
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SRUS E-3HUS TWOJSSV 
Trisi 

Figure 3. Comparison of observed BAR r 

i i i i 1 ' i i! g either normal method or 

powf tl IK lioj ll I PK, ' 1 

When BAR rates <10% are observed in DES arms, normal 
method underestimates restenosis rates, and power- 
transformed method is closer to observed rates. Symbol - rep- 
resents' observed rate oi EAR. and ar.-aht h>:t t represent '):"■ 
CIs fc ! th! - I i I 1 

power-transformed and normal methods, respectively. 



Density 









4 iate toss 
threshold 



Late Loss (mm) 



Figure 4. Density function o 



a 

i distribution (B). By calculating late 
i ^ -> ' ( r t 

jiaiedess tl^es^oia-0.5;RVPi-;RVP-posujrocediira! ! lLDij, 
where RVD n.tf tv. Id .meter, r ate of BAP 

may be estimated from mean late loss (BAR -area under curve 
A or 3 beyond threshold!. When in an iate loss is small or BAR 
rates are iow ( t0%>, esii: ; laiion with normal distribution 

« i i isis compared 

wilh modeling that takes right-skewed distribution of late loss 
into account. 
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Late Loss in Lumen Diameter and Binary Restenosis for 
Drug-Eluting Stent Comparison 

Laura Mauri, MD, MSc; E. John Orav, PhD; Richard E. Kuntz, MD, MSc 

Background — Published rates of coronary restenosis have fallen below MYA in dtug-eisitiug stent trinls. Marly evaluations 
of new stents have used continuous cud points that arc presumed surrogates for restenosis, but the ucucraii/ahihty and 
power of such end points have not been exams i nod s\ siernuticaLly. 

Method* and Results — We examined the relationship between incremental changes in observed hue loss in lumen diameter 
and the probability of restenosis using reported late loss from 22 published trials o! various types of stents (bare-met;!!, 
dmg-ekiiing. and smni!- vessel stents). Next, the power of lute loss differences was compared with that of corresponding 
binary restenosis rates. The relationship between mean late loss and its SI) was linear and did not vary with stent type 
fdmg viiiona m a,,., n.v : ,.ti oi vi ssj di iiiKtei \! ni k\Js.<i ink loss >■ vcnnm • i b ) io ■ mini tneicnu ns,d changes 
were associnled with increasing restenosis risk fwith an increasing magnitude of effect at highet levels of Sate loss). The 
power to detect a treatment cfl'ecf was greater for late loss than lor binary angiographic restenosis (>32g( relative 
increase in power, >24% absolute increase for late loss between 0.2 and 0.6 mm). 

Conclusions — Late low is monotonu ; lh i taied to n Icno is ri I in publi he i tent irials b i a gcneralizable and 
jX)weriiil ii.'.>:.)i) . no p^ >un in ■ :ii , oi sui nl i;s us oi u dow J:mm.< si ms n n< illation, 200S;1 11:3435-3442,) 

Key Words: angioplasty ■ coronary disease 8 restenosis ■ stents ■ trials 



stenosis after successful stent implantation is 
jy a variety of methods that seek to quantify- 
either the magnitude of renarrowing or the incidence of 
late-term clinical failures The assessment of coronary reste- 
nosis as a renarrowing process is performed ~>6 to 9 months 
after stenting with the use of quantitative angiographic and 
intravascular ultrasound metrics such as percent diameter 
stenosis or percent volume obstruction. '■ '■ The assessment of 
coronary restenosis as mi jure event utilizes dichotcmous 
end points, such as the occurrence of a 50% diameter stenosis 
or clinically driven repeated target lesion intervention at 
follow-up, that signify a critical amount of renarrowing 
associated with resting flow or flow reserve obstruction. 

Successful drag elating acres have reduced angiographic 
restenosis rates by -'-15' A compared with hare-metal stents, 
n ultiug in hiuai y angiographic id din I res enos i 
of only $% to lOgfc" Because low binary event rates result 
in decreased statistical power in randomized irials, the num- 
ber of patients needed to make comparisons between new and 



lation and interpretation, absolute measures of restenosis 
magnitude can be more easily compared across trials of 
varying vessel size. Late loss, defined as the difference 
between immediate postprocedure MLD and MLD 6 to 9 
months after percutaneous coronary intervention, 10 is an 
angiographic measure of the absolute amount of renarrowing. 
Specifically, it measures the change in MLD of the treated 
coro:isr\ scameul due to vascular conttaction and rieointima! 
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k - > u inmodest-s 
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points. Specifically, we hypothesize 
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and we developed a model of 1 
contemporary drug-ehtting stents. 
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Literature Selection and Data Evaluation 

A < i i Mi* N i i i j.'di ced original 



f de : 



included late loss 



reference \-* se! i i t .. in i i e el nil 

wen ilso included kept-ns f! tentinc. for (■ >tai occlusion, ostial or 
left maw i ion ipfseriom em yr.ilis imJ in few. restenosis wet 

Definitions 

< i i, \ \ i i i ii i t ill iii 

ately after the procedure and the MTD a! 6- to S-rnonth follow-up. 
Percent diameter .«<•»«»/* was defined as i i --- 1 Mi I Preference vessel 
t vn t)|X 1(0 \ s tin d as a 

s l 1 (11 i 1 I 

mean Liu [• I. ^o i i save .oni: ins. : , 11 . s a c 

deviation (SO), the in-s!eiii lather than in-scjuncnt (iriciiidmsr the 
5-inrn n i „i villi I 1 i 

bee ause tu-seei i i i i it 1 i i s lies 

(Tables 1 and 2). 

Statistical Analysis 

1 II h 1 11 aijs 1 u l li 1 i i ,. if d n d 1 

and SD for continuous > ariabies and percentage for binary variables. 

Evaluation of Mo- >tt kit 1 ,,■•>■> ship Between 
Mean and SD of Late Loss 

We performed regression analysis on the SD of in-sttf.nl late loss for 

each trial with mean late loss as the ptedictor variable. We tested 

linear, nonli in i ■> ( i i 11 n i km 

(for drag-ehiting versus bare-metal and for small-vessel versus 

i on m ii u s i 1 at n s ' i ems on 

significant. 

Power Irw^ ihation 

In drug-el.uting stent trials, distribut 



e hiss v 



>f the 



leutm. 



tion to account for right-skewed dau 

distributions (as in hare -metal sients with mean iate loss values 

' ! 1 11 1 IK 1 M 1 1 ^ > 1 I 1 1 1 1 II 1 I 

normality.' ' We estimated the power uoiisforruaueii necessary to 
<vi ni tin i i c v ^ il i 

optimum j a i I nils 1 i jsu.> I 1 i n 

of the SIR!! IS trial, auchoiod at mean iate I.km-s oi i). i ? and I .0 mm. 



Predication of tttmuy h rst, nosh Rate From. Mean 
In-Stent Late Loss 

'lite power ii mot .liiao,.;: model " i used a, predict th biii.u'. 
aiie,ineraphic resieao.as iaie bom late loss, lissentiaily. the trans- 
formed mean and SD were used to estimate the probability ol 

oM.oe.ii>... tiv a inT-ia. j i re i.^. iii id Ua i map, lesieno i i\> 

integrating the area under die cumulative distribution function. The 
pu did vi o'ob.a a it, oi e h'ism, ainms e;a ;! me m Mi b and 
leieienee diameter was calculated a a wiiyaue mean iate loss from 0 



Power Comparison (Late Loss Versus- Binary 
Angiographic Restenosis) 

restenosis were compared with the example oi a hypothetical trial 
uesie,mc o d t i s i i Z it : ( 

subjects per arm. In the range of late loss values from 0 to 1.0 mm, 
power was estimated for a 35% treatment effect on the end point of 
late loss and compared with the power of the, corresponding 
predicted restenosis rates and treatment effect from the model. 



Results 

Study Characteristics 

Summary statistics lor Sate loss and binary t > i i-mk 
restenosis rates are listed in Tables I tint! 2 for 22. stent 
trials, 5 ' 6 -' 14 - 3 -' In-stem late loss was widely reported for all 
vn e- I i 1 a I * > t t c i ''M I mm., 
whereas in stent late los: lot drug elating ;teots ranged from 
-0.01 to 0.81 mm. In-segmeul late loss was rarely reported in 
the I i n. 1 stent studies. She me of residua! stenosis 



trials 1'AXhS IV and SI RH. IS 4.2'a lo (V/i V- compared with 
the early si. n studies STRESS and Kl M <• if M to 
22%).iM? The prevalence of diabetes roellitus varied from 
0% to 31%. Mean reference vessel diameter ranged from 2.50 
to 3.07 mm for the standard stent studies and from 2.23 to 
2.55 mm for die small-vessel studies. 

Late Loss Is Positively Correlated With 
Restenosis Rate 

A genet ah /abit ci tel tan iuoss o intdi s ent and . drug- 
eiuting stent trials would be required for iate loss to serve as 
a valid surrogate lor binary restenosis. Two analyses were 
performed to establish the nature of this rcintioiiship: (I) an 
analysis of the relationship between observed mean late loss 
from each Irial and the corresponding observed restenosis 
rates and (2) an analysis of the relationship between the mean 
late loss and the corresponding SDs. 

iMte Loss Is Related Monotonically to Binary Restenosis 
the relationship between moan in- stent late loss and resteno- 
sis rate for all study samples was found lo be curvilinear and 
monotooic (Figure I), that is, higher mean late losses were 
associated with higher reported rates of binary angiographic 
restenosis, interaction terms for bare-melal versus drug- 
eiuting and small-vessel versus mm -small -vessel stenting 
were nonsignificant, with no apparent heterogeneity of the 
relationship across these categories. 

SI) of Late Loss fs Related Monotonically to Its Mean 

tion with a higher mean but lower SS) than an existing 
reference con Id occur, creating the theoretical possibility that 
a higher mean would he associated with a lower restenosis 
rate. Such a paradoxical situation would make interpretation 
of mean late loss values complex. In contrast, we found that 
the relationship between the iate loss mean and SD was 
monotonk: across the 22 trials with reported in-stent iaie loss 
(Figure 2), suggesting that conditions for such a paradoxical 
relationship did not exist Linear regression revealed that the 
relationship between mean and SO was best described with 
the following function: SI) of late loss=0.33 +0.3 1 X mean 
late loss in millimeters. 

Comparative Efficiency of Late Loss and Binary 
Angiographic Restenosis 

binary angiographic restenosis were compared for a hypothetical 
stent study of modest sample size (200 subjects per arm). As 



TABLE 1. Base-hue and Procedure Characteristics Across Drug-Eiirting and Bare-iVlelai Stent Trials 



Trial Name 


First Author 


Stent 


Mean Vessel 


MID After 
mm 


Mean Residual 

% 


[ ' " 

% 


Mean Lesion 


/SCENT 


Bairn 


Palmaz-Sehaiz 


2.95 




10 


20 








Muili-IJnk 


2.96 




8 


19 


10.9 


BtMtSTtNi 


SerrtiVS 








22 


7 


7.1 


BENESTENT !! 


Serruys 


Raima,:- Schas . j i 


2.96 




16 


13 


8.2 


C-SIRIUS* 


Scaampautt 


Bx Velocity 


2.62 


2.5 


5.2 


24 


12.6 






Cypher (sit" imu u 


2.65 


2.53 




24 




DLLIVER 


Lansky 


RX ML Penta 


2.7? 


2.82 


19 8 


27 


11 1 






RC ACHIEVE (paclitaxel-eliJliny) 


2.85 


2.86 


19.1 


31 


11.7 


tLUTES* 


Gershllck 


V-Fiex Pius 






10.5 


10 


10.8 






V-Fiex Plus ipaciilaxei-eluting 0.2 Ma/mm'! 


303 


2.78 




22 


11.3 






. • - i ij;ac:itg> t lat i 


2.9 


2.63 


10.6 


15 


10.6 






V-i : ie>: Plus (p ; a : 1 i ta x e 1 - e 1 i i 1 i r ■ g 1.4 ^taro 2 ) 


2.93 


2.72 


8.1 


21 


10.2 






V-Fiex Pius i ; it \ 3 el 2.7 l a I i ) 


2.95 


2.66 


10.1 






E-SIRIUS 


Schofer 


Bx Velocity 


2.51 


2.38 


6.6 


27 


151 






■ .[■•■■t: ■ .i|..!ia:a\ ;'iaii!M; 


2.6 


2.43 


7.7 


19 


14.9 


FUTURE r 


Grube 


S-Stent 


2.96 


2.94 


1.7 


0 


8.3 






S-Stent (eveso r - lit 


3.1 


3.07 


1.8 




9.2 


GR-II 


Lansky 


GR-ii 


3.08 






23 


14.3 






Palmaz-Schai? 


3.08 




9.8 


22 


14 


ISAR STEREO 


Kastrati 


ACS RX Multi-Link 


3.1 




2.7 


17 


13.9 






ACS RX Multi-Link Duet 


3.1 




4 


19 


13.8 


NIRVANA 


Baim 


NIR 


2.97 




7 


23 


13.3 






Palmaz-ScrKKz 


3.03 




9 


22 


13.3 


RAVEL 


Mouce 


Bx Velocity 


2.64 


2.41 


14 


21 


9.6 






Cyphe: (si|"Oli::":;iS-i;iL!til:ti'j 


2.6 


2.43 


11.9 


16 


9.6 


SIRIUS 


Moses 


Bx Velocity 


2.81 


2.68 


6 


28 








Oyai:e: (bii oii:":as- eir:iln;ji 


2.79 


2.67 


5.4 


25 


14.4 


STRESS 


FiMaaiaa 


Palmaz-Schatz 


3.03 








9.6 


TAXUS II 


Colombo 


NIR 


2.77 


2.58 


10.2 


16 


10.5 






NIR 


2.73 


2.52 


12 


14 


10.7 






lAXliS I'M : ; ieV' ; M 


2.78 




10.9 




10.6 






TAXUS (paclil j<f 1 1 1 i i Mi 


2.72 


253 




17 


10.2 


TAXUS IV 


Stone 




2.75 


2.67 


49 


25 


13.4 






1 > I j 


2.75 


2.66 


4.2 


23 


13.4 


VISION 


Kereiakes 


Multi-Link Vision 


2.92 






23 


10.6 


Small -vessel itials 


















Park 




2.55 


2.44 


4.2 


13.1 




ISAR -SMART 


Kaslrali 


Multi-Link 


2.41 


2.35 


7 


25 


12.5 


BESMART 


Koning 


beStent Small 


2.23 


2.06 


16 


22 


9.1 


SISA 


Doucet 


beStent Artist 


2.5 


2.3 


12.4 


17.8 


10.8 


SiSCA 


Moer 


beSteai (nepaaa-coaied: 


2.44 


2.22 


11.3 


12.2 





"Trial itii 50 subset is psi arm 



generally expected with the companion of continuous and 
hinan i las n l i p o 1^1 i 

i lii I tote efficient enc nan 
mil t i ^ ->s> lip Jii late los rangit _ ? 

1.0 mm 1 3 tgutc •> ■ ! he Lit'ttea ditto: once in power between the 
2 end points occurred at mean late loss levels of 0.1 to 0.7 mm. 



Relationship of Late Loss t<t Binarj Restenosis Rate 

_ t ^ V t 1 1 Nit I 

its SD defined above, one can predict the SD for a given 
hypothetical mean. We prevk. L i,i\ i v ^.n>vd a ?iatnticaj 
et i ^ e greater degree of righ ew in die 

iate ioss distribution at lower means by using a power 
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TABLE 2. Late Loss and Res 




Drug-Eiuting and Bare-Metal Stent Trials 




Mean Late 














BAR, 


Mean Late Loss, BAR, 




!n-Stent 


In-Sterrt SD, 








mm 




% 




ASCENT Bairn 


0.91 


0.57 


22.1 






0.9 


0.53 


16 




BENESTENT Serruys 


0.65 








Serruys 


0,8 


0.54 


16 




C-SIRIUS* Scharnpaei 


1.02 


0.69 


45.5 


0.79 0.74 52.3 




0.12 


0.37 


0 


0.12 0,35 2.3 


DELIVER Lansky 


0.98 


0.57 


20.6 


0.56 0.59 22.4 




0.81 


0.6 




0.43 0.57 16.7 


ELiJTES* Gershlick 


0.73 


0.73 


20,6 






0.71 




20.6 






0.47 


0.64 


14.3 






0.47 


0.72 


13.5 






0.11 


0.5 


3,2 




E-SIRIUS Schofer 


1.05 


0.61 


41.7 


0.8 0.57 42.9 




0.2 


0.33 


3.9 


0.19 0,38 5.9 


FUTURE 1* Grube 


0.85 


0.32 


9.1 






0.11 


0.23 


0 




GR-II Lansky 


1.21 


0.69 


47.3 






0.92 


0.72 


20.6 




ISAR STEREO Kastrati 


0.94 


0.74 


15 






1.17 


0.78 


25.8 




NIRVANA Bairn 


0.8 


0.61 


19,3 






0.85 


0.6 


22.4 




RAVEL Morice 


0.8 


0.53 


26.6 






-0.01 


0.33 


0 




SIRIUS Moses 


1.0 


0.7 


35,4 


0.81 0.67 36,3 




0.17 


0.45 


3,2 


0.24 0.47 8.9 


STRESS Fischman 


0.74 


0.58 


31.6 




TAXUS ii Colombo 


0.79 


0.45 


17.9 


20.1 




0.77 


0.5 


20.2 


23.8 




0.31 


0.38 


2.3 






0.3 


0.39 


4.7 




TAXUS IV Stone 


0.92 






0.61 0,57 26.6 




0.39 


05 8 




0.23 0.44 7.9 


VISION Kereiakes 


0.83 


0.56 


15,7 




' lii ii: 0 ' t.^i hi.:!-; 










Park 


1.12 


0.67 


35.7 




ISAR -SMART Kastrati 


1.04 


0.73 


35.7 




BESMART Koning 


0.65 


0.58 


21 




SiSA Doucet 


0.54 


0.48 


9.7 




SISCA Moer 


0.89 


0.52 






BAR !"M!L.:;t^ 1S1.T- .J: j.-ii.l 


restenosis. 








"Trials with <50 subjects per arn 












the mean iate loss. 




and curviline 


ir relationship between mean late loss and 




Id: . model to P r 




restenosis rate 


•hpue 4i I he expected incremental resteno- 






for a study 


sis rate betwec 


n 2 mean late losses of 0.2 and 0.4 mm is 3. 1 %, 


\ given refei 


ence vessel diameter and resid- 


whereas the i: 


icremental restenosis rate between 2 mean iate 


ual stenosis (Table 3). 37 Thi 


, model describes £ 




losses of 0.4 


ind 0.6 mm is 6.4% in a reference population 
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Figure 1 . i 



Late Loss (mm) 



ie loss: mean vs. binary angiographic reste- 
nc rate v. [ i | r i i i ii i i it 

vet^ois /■ dunit-h | i ii i t I t i f^a 

stent '-iii i I I iii i I r 

represent rime ! i i r j1 i i i > ; i 

sents a triai arm with a minimum of 50 subjects. The bold ims 

i r I ip, and the, thin tinos c i ^ i 

')■> ' r. d> re a . > 



sel diameter' of 2.79 mm and residual 



:hie 



Discussion 

The success of drug-eluting stents lias changed expectations 
of coronary stent performance. Standard clinical binary end 
points have become difficult to use as the only measures of 
restenosis in the clinical studies necessary for the evaluation 
of new drug-eluting stents. Btnuiy angiographic restenosis 
and clinical icvascuhtruutson of the target lesion or vessel 
now occur too mfrcqucuiiy to provide stable estimates for 
either single- arm studies or adequate contrast of restenosis 
i lc In tween li i luting stent syst ran- 

domized trials. Small - to moderate -si zed trials of new drug- 
steot combinations or new drug-dose formulations cannot be 
performed with efficiency with the use of traditional binary 
outcomes I 




Jtfleart (mm} 

Figure 2. In-st c es represent 

bare-metal stent treatments in vessels >2.5 mm in diameter, 
- i i oarc n etal stent treatments in small vessels 

a , mt treat- 

ments. Each data point represents a trial arm with a 
50 subjects. 




o o.i ts.s 0.3 04 o.s ae oj o.s o.s 

Late Loss, control arm (mm) 

Figure 3 z 3 it 11 it 1 i 1 , 11 r 

graphic resleiiosis tBAsi;. Shewn is mean late loss vs power to 
detect a °5 1 1 1 f it , > 

1 i 1i I 1 in a hypofhet 

a o" ii <; i ' 1 K I i0 ail t- per arm. 

per arm to enclose a restenosis rate of 6% within a 3% 95% 
CI. To prevent unnecessary exposure to ineffective therapies, 
a need for more powerful end points of restenosis hits 



We 



studs - 



0 evaluate die gem 



ility and po\ 



fthe 



tat across the published 

mean in-stent late loss estimates and binary angiographic 
restenosis rates. Specifically, over the range of trials observ- 
ing late loss from 0 to 1.3 mm, higher sample mean late losses 
were associated with higher sample restenosis rates. Conse- 
quently, the conditions for a paradoxical result in which an 
increasing increment of late loss might conesponrl to a 
decreasing increment of binary restenosis risk did not exist. 
Further statistical support for this positive mono tonic (non- 
decreasing) correlation was the association of laic loss sample 
mean and SD. The theoretical possibility that an increasing 

TABLE 3. Prediction of Binary Angiographic Restenosis Rate 
From Meats In-Stent Late Loss 



Mean rati 
Loss, mm 


Predicted 
SD, mm 


BAR 
(Not mat 
Method) 


Optimum 
Power 


BAR 
(Transformed 
Method) 


0 


0.33 


0.0 


0.0 


0.4 


0.1 


0.36 


0.1 


0.1 


0,8 


0,2 


0.39 




0,2 




0.3 


0.42 


1.0 


0.3 


2.7 


0.4 


0.45 


2.6 


0.4 


4.6 


0.5 


0.48 


5.4 


0.5 




0.6 


0.51 


9.4 


0,6 




0.7 


0.55 


14.6 


0.7 


15.6 


0.8 


0.58 


20.5 


0.8 


21.0 


0.9 


0.61 


26.9 


0.9 


27.0 


1 


0.64 


33.3 


1.0 


33.3 



L i uaf. i ed cted SD is 

regression {80=0.33+0.31 Xlale loss); predicted restenosis rate is 
normairtv of powe 1 1 elta method 

variance. " in this example mean reference vessel diameter was 
_ arl m r j to be 2.67 1 
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40.0 



35.0 




0 0,2 0.4 0.6 0.8 1 

Mean Late Loss (mm) 

Figure 4, Mean late loss vs predicted restenosis rate. Shown 
are p'cd'Otod - i > it - i tones popnl3Tion of 
mean refetem e . i <[■ a- • '/ ."" mm .n i m- ,\-\ \\, u-p w 
MLD 2.67 mm. 

increment of mean late loss could correspond to a decreasing 
increment of SD, and thus paradoxically lower restenosis 
risk, was also n«>t dcmm. n .mb in the empirical -cr mmo 
of trials reporting late loss to date. 

The utility of late loss as a measure of restenosis in clinical 
trials is supported by the following observations. First, if a 
uniform stent diameter af deployment is assumed, late loss is 
a consistent measure of the magnitude of the renarrowing 
process. Although it is estimated from 2 angiograms, usually- 
separated over a 6- to 9- month period, the estimates have 
shown a consistency of correlation between its value and 
restenosis rale (Figure I). Because the renarrowing process 
within a stent is due solely to the hyperplastic component, 
with no contribuiion fro in the vascular contraction compo- 
nent seen in nonstent procedures, late loss is an intuitive 
measure i ni j i 1 hyperplasia, i onthological target of 
drug-eluting stents . 1 '•■ 

Second, late loss is a powerful measure of binary restenosis 
proclivity. The predictable monoiomc relationship of late toss 
to resien ■ is i!lo«\ csnm.ui.m e estei is > > io i a 
given study population with known reference vessel diameter 
and poststent MUX Observed results (Figure 1) and our 
model (1 igUic H ioth h. »■ i itiusi of 

tinan _ pbii s i rved ii\ 

loss. This generalized model of bite toss is not a regression of 

relating mean values of late loss to their predictable distribu- 
tions Thus, the curvilinear predictive model, based on 
expected la to loss probability densities, is similar in shape to 
the observed data. 

Vkl ti i 1 5 t hue a,-- is expected a> i mge t i 1 i 
to 0.7 mm, as in trials designed to compare new drug-eluting 
stents, lite I t>ss 1 a 1 - j e tet powei than binary j, 1 phi 
restenosis to discriminate restenosis tendency for moderate- 
sized («w200 subjects) trials (Figure 3) and even more so for 
smaller sample sizes. Although larger pivotal trials (of > 1500 
subjects) would be required to power diehotomoas end points 



such as target vessel failure, the confidence bounds of the late 
lo&s eslimu e i i i , s, v gi 

> i ^ v. i e s:s c \a. Us at my sample si/e 

if there > silw I i j i 1 ■ ,-s,t .aei e ienglh of 

i " i s, it I .i i I noi i it) t t J 

hyperplasia may be underestimated by late loss. This is a 
particular problem for the "it;- segment" measurement of late 
loss in which subtraction of the MLD obtained from the 
5-mm "stej t md ep-dew s itders may systeinati 
cally underestimate the amount of neointimal hyperplasia 
compared with the in-stent measurement. If there were 
significant poststent variability of MI J) along the length of 
the stent, then the same limitation would be hue for the 
iia-stenl me.isuremeiit. In the present steiitmg trials with an 
average residual stenosis of V . Liwoii the residua! di n i 
relatively l t mgl t ic stent (ii wi h little 
tapering of the stent itself); therefore, most variability in the 
in-stent bite loss measurement is created by variations in the 
MFD at late follow tip, not after the procedure. 

Late Loss and Clinical Trials of 
Drug-Eluting Stents 

New drug-eluting stents, are best evaluated by execution of I 
or 2. large "pivotal" randomized trials in which comparison is 
made to an accepted standard. Pivotal trials seek to estimate 
efficacy (freedom bom restenosis) and detect important rare 
serious adverse events, such as coronary thrombosis or 
aneurysm formation. End points that combine safety and 
efficacy measures, such as target vessel failure or major 
adverse cardiac events (both of which include death, myocar- 
dial infarction, and clinically driven repeated coronary revas- 
cularization), have been deemed to be the most inclusive and 
remain important for pivotal stent trials. Large sample sizes 
(generally >] XX) to 20 ; acts eqm eel I n c itras! - 
big target vessel failure rates between the competing random- 
ized arms, expected to range from 592 to 15%. In smaller 
pilot, nonpivotal. or follow-up trials, these end points lose 
power. The strong positive correlation and generalized mono- 
tonia iela w i t d i estei kis, combine, 
with its high statistical power, make laic loss an attractive end 
j i mp rug-etuting stent ti ils 

in-stent late loss can translate to important differences in 
binary restenosis (Table 3, Figure 4). Small differences in 
.ii , s ae i s ,( ] reasons in 

cost-effectivcrc mil- t ssts t st si, ill ubU cm.es in 
restenosis rates can translate to meaningful differences 
in cost. 32 Second, the small differences in restenosis risk seen 
tn pt\ .'tul ,md} pi 'piit.uion hmp. unpnrivd m p:.u tue 
where the magnitude of clinical benefit is expected to 
m v tPc i peunc i ] Luge: pi v i pi t 
tion. 34 - 35 Regardless of the actual (and currently unknown) 
t t i , s t i tee that is ciiuica 

risk of binary restenosis. These findings support the notion 
that late loss performance can reliably predict the restenosis 
propensity for new drug-elutmg stents. 
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ently reported clinical restenosis end poiree Although ihc 



:sus 0 to 1.0 lor late loss), and its calculation and 
erprelulion arc dependent on reference -.esse; size, making 
use in tionrandoriii/.cd comparisons more problematic lhan 
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Robustness of Late Lumen Loss in Discriminating Drug-Eluting 
Stents Across Variable Observational and Randomized Trials 



Laura Mauri, MD, MSc; E. John Gray, PhD; Susana C. Candia, BSc: 
Donald E. Cutlip, MD; Richard E. Kuntz, MD, MSc 

Background — Binary angiographic and ciisiicai restenosis nitcs can var>' w idely between clinical studies, even for the same 
sleni, influenced heavily by casc-nrix covariiites thai dift'ei among obscn atioiml and randomized trails iatended to assess 
a given stent system. We hypothesized that moati in-stcnt late loss might be a more stable estimator of restenosis 
propensity across sisch studies. 

Methods and Results — in 46 trials oi'drug-ohning and Ewe-metal stealing, increasing mean late loss was associated with 
higher targei lesion ic vascularization (TLR) rates (/ J <0.00l i. W het; the class of base-metal stems was computed with 
the class of effective drug-eluting stents, late loss was more discriminating than TLR as measured by the high intraclass 
con-elation coefficient (p) (late loss, p=0.71 versus TT..R, p=0.22; 95% CI of difference ==0.33. 0.65). When the 
individual drug-eluting stents and bare-metal stents were compared, late loss was a better discriminator than TLR (0.68 
versus 0.19; 95% CI of difference=0.24, 0.60). Greater adjustments of study covartates are needed to stabilize 
assessments oi ft ,k computed v, tih Sate Sow because of greater influence ol reference vessel diameter on TLR than on 
tn-stent late loss. Optimization of late loss with the use of a novel method of standardization according to diabetes 
prevalence and mean lesion length resulted in minor adp.ishncnb-. in late loss 0.08 nun for M{)<.< of reported trials) and 
«*tn ordered array of mean into loss values for the stent systems studied. 

Conclusions — I .ale loss is more reliable than restenosis rates for discriminating restenosis propensity between new 
drug-eluting stent platforms across studies and might be the optimum end point for evaluating drug-eluting stents in 
early, nonrandomized studies. (Circulation. 2005:112:2833-2839.) 

Key Words: angioplasty SB corona: y disease a restenosis « stents m trials 



T) ates of restenosis alter stealing of coronary artery 
JL\. obstructions vary widely depending on the prevalence of 
known and unknown predictors of restenosis. 1 Some bare- 
metal stent registries have shown clinical restenosis rates of 
<.V/K'-'--'' on a par with rales observed recently in drug-eluting 
stents." 15 However, these low rates of restenosis for bare- 
metal stents are attributable to the lower risk of the popula- 
tions in which they were tested rather than to a lower 
restenosis propensity oi bare- metal stents. When tested across 
broad ranges of risk, the same stent may he observed to have 
restenosis rates that vary by as much as 4-fold. 3 '* Clinical 
restenosis rates therefore do not allow objective comparison 
of the restenosis propensity across randomized or observa- 
tional studies. 

Late lumen fuss, defined as the difference between the 
minimum lumen diameter t MI.1>> immediately after stenting 
and the MLD at 6-io 8-month follow -up, has been used in 
pilot studies of drug-eluting stents as a marker for restenosis 



propensity.' The mean in- stent late loss observed in a study 
can be used to predict restenosis risk lot bare-metal and 
drag-elating stents. 8 ' 9 

We sought to determine whether mean late loss was more 
stable for stent systems across studies and thus superior to 
observed clinical restenosis rates for distinguishing drug- 
eluting stem performance. 

Methods 

To evaluate the utility of mean late loss to differentiate drug-eluting 
stent performance. 2 types of data were analyzed. First, a compre- 
I I i itir ^ ill J i i il t p 

i" i til i ) i all i i i ill i , it i 

k i t i ill t a s LCl m | I, rt „ , 

e it I i i i I i ' I I I ii s. i m it flit atitiv 

ma a. u a do oi lit In > me lo ■ ant.adi/e i 

I I mm , . . in-id In i 

Literature Selection and Data Evaluation 

s '_■ nmwbenuw lit. sin .. e.ssm ■! Ml mi' t .aid eiinieai ins! 
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apeuttcs. American Heart Association) from January 2003 to April 
WO.* prochx .1 origins: i port of 46 clinical trials testing drng- 
eluting or bare-metal stent tn the ft atraent oJ de novo coronarj 
lesions in which both mean hire loss at 4 to 9 months and TLR at 6 
to 12 months were eported >r drug-eiuri i s 

; -in 1 i Hilt, nsion 

Harvard Clinical Research Institute Stent Database 



■ Ha 



i la: 



( 'RJ ) 



STARS. . 



6-1' 003 with the use of 
SMART, NIRVANA, 
iMK\ (iMui dmc i I - •• l s - <! 
Data were derived from total si i of 7244 patients and 
the subgroup with mandated anginaraphie follow-up (n-3138) 
pi iotmtd it 1 I i l i i tut i t 

SLiidu nil 1 S i 1 ii ii i ill 

o! interest, hasten! late loss, was complete in 2426 (77vo) of those 
eligible lot angiographic folio* -up. informed consent vvas> "Named 
from each patient, and ail investigational sites received approval 
from their ip.sii'oaional review boards. 

Definitions 

Arule gain was defined as the Mi I) immediately alter the procedure 
minus the MLD ai baseline. I Me Imx was I -in I as the Mil) 
irnmedinlciy after the procedure minus the Mi. I) at angiographic 
follow-up, within the stent. Pcrrcn! Jiamrirr «/.•»</*« was defined as 
[! -(MLD/rclcrenee vessel diameier.iX 1 00|. Hinaiy unginioupiiic 
.. " n/i i t I I - as . so', i , a-i stenosis .it iol!ow-up. 
Lesion length was defined as the axial extent of the lesion that 
contained a should.-] :,> ].. -isid. ■ mmen t dncnmi b- A: " ■ A... a. 
tes was defined as the diagnosis oh diabetes mellitus requiring 

Statistical Analysis 

Binary variables are expressed as frequencies, and continuous 
variables are expressed as mean 2: SO. ihnnry variables were com- 
pared with flic use of y ; analysis, and continuous variables were 
evaluated by the Student / test. A 2-sided probability value .50.05 
was considered significant. Linear regression was performed to 
evaluate the relationship ivt»vesi mean Sale loss and observed TLR 
i ale across trials. The addition of second-order polynomial terms was 
performed only when model id vv.is significantly improved. .Statis- 
tical analyses were performed m SAS (version Sid). 

Inlradms i <>n elation: TLR Versus Late Loss 

We measured Ihe reliability of I'l.R versus iafe loss across 46 trials 



clas . Ihe ivitv 



aid heiv 



clas 



f the i 



stilt It ^ s 1 i i C 

point (r> LL . p rlR ). The 2 it n coefficients wen then compared, 
and l o i K , , ; [ _ _ 

random generation of I00o bootstrap samples, i'maiiy, to test the 
robustness of these results without relying on the assumption that till 
bare-metal stent- have tb same restenosis properties, the intraclass 
i v v v s ^ h ding bare-metal stents. 



les on lei 21 1 | lis I i n 

sirolimus-elutmg versus bare-metal stem treatment) were evaluated 
for their relative effects on late loss. 

f ' ' ' - 

Standardization of mean hate loss was performed m reference to a 
icpivscuiuioc population derived from the fi Sol and Drag 

II j 1 I I I _ s s I ith 1 pp'OAl 

i il lis 2 i i lesion length of 14 mm 

and median acme nam of 1.7 mm. i he follow me 2 standatdi/aiion 
methods wei d jr.d np is t it i 

measured by in -stent late loss in truth, that donate from these 



if the i 



ail : 



ithe. 



idler 



presence or absence of diabetes, lesion length -- I 4 or : if mm. and 
acute gain =-1.7 or < I." rain Within each subgroup, we ealeulale 
the average late loss -and combine these as a weighted average, in 
which ihe weights reflect prevalences in Ihe reference population 
(Appendix A in the oniine-onh Data Supplement: hltp^/circ.aha- 
journa)s.org/cgi,'contcnl/full/C-lRCUI^\TI<>NAUA.n>5.57(XW.l/ 
IX'l). if patients in a new; trial differ from the reference population 
with respect to diabetes prevalence and median lesion length but 



is. suiiicicnlh iaiee thai -i.-thle eaimaies of mean late loss can be 
calculated in each of the S (or 4) patient subgroups. If this 
requirement is not met. then the indirect method outlined below 
should be coti! idered instead. 

Standardized ImIc !/>.-,.-,: Indirect Mcliuxi 
From the reported mean late loss in a new lira! and proportions of 
patients with diabetes meliiius. with lesion length 04 mm. and wish 
acute gait 1" inn Out tin i Ii u il s n be 

s v n n i I i I is i dt li tiniptiotis o, 

with diabetes: aOA w ith lesion length " 1-4 mm; S0A- with acute gain 
2:1.7 mm; and miiilipiicalum by tcgtession-dci bvd effect estimates 
(Appendix B in the onhuc-ouly Data Supplement). 

Results 

Summary of Stent Trials Reporting Late Loss 
and TLR 

The 46 trials of coronary starting were labnlak'd according to 
stem type it 1 the study if a registry and in each arm if a 
randomized trial (12 Cypher, 6 TAXUS, 2 ENDEAVOR, 55 
barc-mctai stent amis; Appendix C in the online-only Data 
Supplement). Figure I A depicts the etude positive relation- 
ship between late loss means and TLR rales (/»<0.001, 
^ t K > h - i I i m o up m i with 

t\ l mo t Isti Is h,, una:- it -nm o sh u 

Intraclass Correlation of TLR Versus Late Loss 

The intraclass correlation coefficient comparing the 2 broad 
classes (effective drag-eluting stents versus bnre-melai sletils) 
was p=0.71 for mean late loss and p=0.22 for TLR (95% CI 
of difference=0.33, 0.65) (Figure IB). The intraclass corre- 
lation coefficient for late loss was again higher when drug- 
eintl sis. cs an e nts-'.il -'eii's lteat i 

separate classes (ft. L -0.68; p rLR -0.19; 95% CI of differ- 
ence=0.24, 0.60). When drug-eluding stent types alone were 
treated as 3 classes, there was greater separation of the 
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Figure 1 . Reliability of mean late loss to disc 
notic effect of drug-eluting stents. Mean lale 
from each study arm of the 46 trials in Table 



were 28.2% (342/1922) and 7.8% f39/502) in the bate-melai 
and s^lii v i: ]- t\ ^ \ 1 I' i )0()l ] c 

in-stent late losses were 0 94rr:0.63 and 0.18±0.43, respec- 
tively (P<0.0001). 

Effect of Reference Vessel Diameter: TLR Versus 
Late Loss 

Reference vessel diameter has previously been shown to be 
an independent determinant of TLR in both bare-metal and 
drug-elnting stents. 5 - Reference vessel diameter, however, 
was nol a significant determinant of late loss (/>•=(). 12). Late 
loss was determined by the type oJ item used (sirelimus 
elating versus bare-metal,;, diabetes meilittis, lesion length, 
and acute gain (Table 2). Residual stenosis was a significant 
predictor of late loss, but with a small magnitude of effect 
(0.0097- mro decrease in in-stent lale loss per !% increase in 
residual stenosis). 

Standardized Late Loss and Expected Adjustment 
Between Trials 

To evaluate whether the robustness of the late loss metric 
could be further improved, wo developed 2 methods of 
standardization for the most influential determinants of late 
loss that could vary across trials: diabetes nicliitus, lesion 
length, and acute gain (Appendices A and 15 in the online- 
only Data Supplement), 

Within the trials reported, the magnitude of adjustment of 
late loss ranged from -0.14 mm to 0.10 mm (Figure 2). The 
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,dler 



I it oss measurei t irai j ant 

;[. Not> t i n > I t 1 , 

e Cypher .and TAXUS groups are from a study requir- 
3 >24 mm in length for inclusion. 37 BMS indicates 



Pii.r=0 009, «v , c\ >■! di:mrence=-0.20, 0.92), albeit with 
decreased power for the comparison because of the reduced 
sample size. 



HCRI Stent Database 



patients with 
months (Tab! 



clinical trials yielded 2426 
sessment of late loss at 6 to 8 
, angiographic restenosis rates 



of s 



. Finally, plotting of either 
>m each study arm resulted 



Discussion 

tion of treatment effects is subject to bias and con- 
:tg when observational and randomized results are 
ed across studies. When , i s (dial) 

•ion length, reference vessel size) vary substantially, 
n observe markedly different restenosis rates for the 



Baselisie and Procedural Characteristics 



Resiaaai p»a;eat iiiaiaeter steatosis. 

| ; :, nCitti mm 

Acute gain, mm 



Overall " "t t > < i i i 1 i 

(n=1922) (n '■;<:■/} 

22.4% 22.5% 22.3% 

2.88±0.50 2.92±0.51 2.73±0.44 
7.1 ±10.0 7.4±10.4 6.2±8.2 
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TABLE 2. Multivariate Predictors of ii!-Stent Late Loss 



Characteristic 




Effect 
Estimate, 


SE 


p 


Stent type (sirolimus-eli 


ting vs bare-metal) 


-0.79 


0.029 


0 0001 


Diabetes melliius 




0.18 




<0.0001 


Lesion I -nglh (pel iO m 




0.17 


0.019 


-'0.0901 


Acute gain (per mm) 




0.17 


0.029 


<0.0001 


Resiiiijai P": ',"!:! U!,::::f 


er stenosis (per 1 %) 


-0.0097 


0.0014 


<0.0001 


Refereiice vessel iiiu:::i 


er (per mm) 


-0.044 


0.028 


0.12 



same stent in Jiflennt in iP v, mrui a k stenosis rates 
between different stent classes (eg. drug-eluting stents versus 
bare-metal stents). Traditional measures of restenosis, such as 
binary angiographic and clinical restenosis, are reliable when 
i n i d i j i i I ^ ^ i 

not reliable when cohorts across Urals are compared. 

In-stent late loss is both theoretically and clinically corre- 
lated with monotonia and incremental biliary restenosis 
risk/ 1 " In this study we tested the robustness of late loss by 
considering its rcpn ducihili'o v ithin different stent systems 
under a variety of clinical trial conditions. Our findings 
demonstrate the robustness of late loss in terms of high 
intraclass cm ^ i i * a: am cp I k luiical trials. 

We evaluated the notion of "stent class" ( I ) between bare- 
metal stents and effective drug-cluling stents and (2) between 
bare-metal stents and different dmg-c)uimg stent systems. We 
hypotliesized that mean late loss might be less subject to 
variation across studies of the same stent class and therefore 
might be a more reliable discriminator of drug-eluting stent 
performance. 

in 46 trials of s tenting, we found thai when the class of 
bare-metal stents was discriminated from the class of effec- 
tive drug-eluting stents, late loss was more consistent than 
TIM rales. The intraclass correlation coelfioenls for late loss 
vHK i n k intb and -im,c: : m.iii\ J, In in it t\ t 



14 



1L 



1 .:: 



■ iiisafiittttoiS 
r«s.u» Adjusted 



Stent Type 

Figure 3. Mean late loss < rl < 1 ■, i ,p, Hio moan late 
toss for 71 study amis reporting i i iate loss was standard- 
i 'i. t I i 1 i i rni'i k i! rth 

(indirect method! and the values of late toss and standardized 
late loss «t'r 'ili I •' ,,< nq to categories of stent type. An 

) 1 I I ) 1! ill tv ) 111 

late loss BMS ii re-n etal stent. 



stability of late loss is due In large part to its direct 
measurement of narrowing and lack of influence of other 
factors in its calculation, in contrast to the dependency of 
'H.R rate estimation on reference vessel diameter. Further- 



,-lm 



l late loss esti 
y stable, they 



rials 



difference from the observed mean value. This is in contrast 
to the highly variable binary restenosis, metrics., which range 
by as much as 4-fold for TLR when compared in differing 
patient populations. 3 - 6 

Is There a "Class Effect" for Drug-Eiuting Steots? 

The success in pre venting eoronaiy restenosis by combining 
a coronary stent platform with a polymer ciuting one of a 
variety of effective agents (such as sirollmus, paclitaxel, or 
ABT-578) has led to the common label of drug-eluting stents. 
Currently, 3 drug-eluting stent systems (Cypher, TAXUS, 
and ENDEAVOR) have shown substantial seductions h; 
clinical restenosis compared with simple! bare- metal stents it; 
iua, miiiti'-eniei i I On i im din that 

measures of clinical restenosis, specifically Tf.R, do not 
discriminate well between the group of effective drug-eluting 
stent system - md ik grmp i.i i\i:o menil nuns < hi die ,al,cr 
hand, mean late loss in lumen diameter discriminates this 
group of drug-ekiiiiig stents from bare-metal stents with a 



Absolute A<3justree«t t mm) 

Figure 2, Adjustment in late loss across drug-eluting and bare- 
i i i i r i i r r a J sti ncT of late loss for 

71 study arras reporting mean iate toss, diabetes prevalence, 
and mean le ; o i is shown -as a histo- 

gram. Greater than 95% of studies had <0.Q8 mm absolute 
change between the mean late loss and standardized late loss. 
The 4 s dy a i of 0.10 mm were trials 

that ,iii enrolled diabetic patients/ 5 -- 10 



is evident 



liferent stent, polymei 
ridded markedly diffei 
s exceeding that of ban 
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These examples demonstrate that riot all drug-eluting stent 
systems .irt i h P o*.s I , ' m le*- i 1 i [■» 

ences in restem sis pr< .peo ?i i > >et >> et n effective and ineffec- 
tive drug-eUiiu.t. sicm .m-i Uui -. me n< •non of a class 
effect can onh >c su cd lor ef ft * st « systems «. h 
low in-stent iate loss. 



end point than TLR, p vrticularh in cat 
efficacy, dose- findim; studies, or evalm 



Can Late Loss Define Subclasses Within the Class 
of Effective Drug-ESuting Stents? 

Further discriinsualion by sabeh 
tive drug-clutiug stents was pos. 
use of iate loss. We measured 
when the > effective cirtig-eluli 

treated as ( siibjeiasses, < ombmed with the monotonic rcin- 
tionship between iate toss and restenosis, 8 this finding is in 
contradistinction to the notion advanced by others that there 
is a late loss "threshold" (.such as 0.75 mm for in-stent late 
loss) 53 below which ail drug-eluting stents are exchangeable. 
As we have shown, when the risk of TI..R is low, it is often 
difficult to distinguish between drag- crating stents and bare- 
metal stents in in nrandomi/ed comparisons of ff.R rates. In 
i lints! nit in late loss i i i icafor of aui res i c 
sis efficacy across studies, under ail levels of Tl.k risk 



point by relatir 
to differences 



ibie in 


our analysis 


with ihe 






tte small diffoionce- 




t high 




wrelation 








studies before 




it systems w 


ere each 




»n of larger t 


studies to evaluate 





una 



restenosis propensity el tne stent system ti ign-stmn 
across the spectrum of baie mel i ug-eluting sten trial 
experience, thus supporting the ability to distinguish stent 
performance within the drug-eluting stent class. 

CHnscal A ppl icat ion 

The primary' measure of effectiveness against restenosis for 
drug-eluting stents is the clinical restenosis rate determined 
within a randomized trial. These rates vary according to the 
risk of the population in which the stent is tested, as well as 
the type of stent used. Stern versus stent randomized trials are 
designed to control for these population risk factors and allow 
inference withi t 1 the eft ic assigned 

stent platform. When deciding which treatment to use for a 
given patient with obstruct ne coronal y disease, however, 
physicians may compare the results of several sien; systems 
across different trials. I o isolate the efficacy of existing stent: 
systems, one would desire a metric that was consistent from 
study to study. We have previously shown that late loss is a 
valid estimator of restenosis task associated with stents in 
trials" tb it is i s it m J . i t i i i v p n 

binary t nrt pouts [ » t i i , s sin v thai 
when comparisons arc made across sepai'.u.e prospective 
slit, lie- eUho: 1 i i 1 M oi .erv 1 it, :a\ h m 

reliable than restenosis cites at discriminating the effective- 
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in late loss I 
apparent in 
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